rec'D 0 8 DEC 2004 



WIPO 



PCT 



Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Bescheinigung Certificate Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Paten tan mel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally fifed. 



Les documents fixes a 
cette attestation sont 
confer mes a la version 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

03104570.1 V 



CD 

m 

CD 
— I 

> 

> 

CD 
r~ 
m 

o 
o 

5 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17. 1(a) OR (b) 



Der Prasldent des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de I'Office europeen des brevets 
p.o. 



R C van Dijk 




Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Anmeldung Nr: 
Application no. 
Demande no: 



03104570.1 



Anmeldetag: 
Date of filing: 
Date de depot: 



08. 12.03 



Anmel der/Appl 1cant( s)/Demandeur( s) : 

Philips Intellectual Property & Standards 
GmbH 

Steindamm 94 
20099 Hamburg 
ALLEMAGNE 

Koninklijke Philips Electronics N.V. 
Groenewoudseweg 1 
5621 BA Eindhoven 
PAYS-BAS 



Bezelchnung der Erf 1ndung/T1 tie of the 1nvent1on/Tl tre de 1 'Invention: 
(Falls die Bezelchnung der Erflndung nlcht angegeben 1st, slehe Beschrelbung. 
If no title Is shown please refer to the description. 
S1 aucun tltre n'est 1nd1qu6 se referer a la description.) 

Image segmentation in a volume data set 



In Anspruch genommene Prlorlat(en) / PHorltyCles) claimed /Pr1or1t6(s) 

revendlquee(s) s ^ 

Staat/Tag/Aktenze1chen/State/Date/Flle no./Pays/Date/Numero de depot: 



Internationale Patentklasslf 1kat1 on/International Patent Classification/ 
Classification Internationale des brevets: 



G06T11/00 



Am Anmeldetag benannte Vertragstaaten/Contractlng states designated at date of 
f1l1ng/Etats contractants designees lors du depot: 

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL 
PT R0 SE SI SK TR LI 



03104570.1 

FPA/FPO/0EB Form 1014.2 - 01.2000 7001014 



2 



PHDE030407 EPP 



DESCRIPTION 

Image segmentation in a volume data set 

The present invention relates to the field of digital imaging, in particular in medical 
applications. In more detail, the present invention relates to a method of segmenting an 
5 object of interest in a volume data set, to an image processing device and to a computer 
program for segmenting an object of interest in a volume data set. 

Computed tomography (CT) scans provide a non-invasive method of imaging the 
human body. One particular area of interest is imaging the heart and the vessels 
10 contained in the heart Clinicians are especially interested in examining the coronary 
arteries, because they provide the doctor with crucial information for the diagnosis and 
therapy of coronary artery disease. 

Medical images of a subject's heart are typically comprised of several slices throughout 
15 the 3D volume of the heart. In addition, the heart maybe imaged at several different 
instances or phases (heart phases) in the cardiac cycle. Thus, the ensemble of all images 
gives a picture of foe heart during, for example, the complete course of one heart beat 

It is often desirable to use this set of images or data set to extract information about foe 
20 structure of the heart. Doctors may use existing techniques for examining foe data 

provided by a cardiac CT scan, including standard two and three-dimensional viewing 
techniques. However, if they wish to examine, for example, the ihree-dimensional 
vessel tree of the heart, doctors must often tediously segment the vessel tree by hand 
from either axial CT images or a 3D rendering of the image data. This may take several 
25 hours and require the physician to manually define what is part of the vessel tree. 

It is an object of the present invention to provide for an improved segmentation of an 
object of interest, such as, for example, foe coronary artery tree of a human heart in a 
data set. 
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According to an exemplary embodiment of the present invention as set forth in claim 1, 
the above object may be solved by a method of segmenting an object of interest in a 
data set, the data set comprising at least a first image and a second image, wherein the 
object of interest is firstly segmented in the first image for determining a first 
segmentation result In case it is determined that a structure, i.e. part of the object of 
interest cannot sufficiently be segmented in the first image, a segmentation of this 
structure is performed in a first region of the second image for determining a 
segmentation result In the second image, a segmentation is continued in the first region, 
which covers a local surrounding of the first structure. 



In other words, for the segmentation of the coronary artery tree from a coronary CTA 
(computed tomography angiography) volume data set a segmentation of a vessel is 
started in an image relating to an initial phase. Image in this context is to be understood 
as an at least two dimensional data relating to a phase of the heart. Then, in case the 
1 5 segmentation fails, i.e. in case no continuation of the vessel is found, the segmentation 
is moved to an adjacent image of an adjacent heart phase and, in the local region of the 
area where no continuation was found in the image of the initial phase, a segmentation 
is performed in the second adjacent image. In case there is no continuation of the vessel 
found in the second adjacent image, the method continues to the next adjacent image, 
20 i.e. an image adjacent to the second image, where the segmentation continues in the 
immediate neighborhood of the point where the segmentation stopped in the second 
image. The information derived from the segmentation in the second and third images is 
used together with the segmentation information derived from the first initial image and 
may be used to perform an image, which is based on segmentation information on the 
25 three images relating to adjacent heart phases. 

This may allow for an improved segmentation, for example, of vessels in coronary 
CTA. 
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According to another exemplary embodiment of the present invention as set forth in 
claim 1, the first and second segmentation results from the first and second images are 
combined to form an image, which is based on segmentation information from the first 
(initial) image and the second image, where the segmentation was performed locally. 
5 Advantageously, this may allow for an improved visualization, for example, of vessels 
in coronary CTA. Furthermore, this may allow for a continuous and smooth 
visualization, for example, of the coronary vessels. 

According to another exemplary embodiment of the present invention as set forth in 
10 claim 3, the segmentation is locally shifted from one image to the next adjacent image 
(for example, along a pre-selected direction), such that a segmentation in the subsequent 
image is only performed in a region where the segmentation of, for example, an artery 
branch, stopped in the preceding image, i.e. where no continuation for this artery 
(vessel) branch could be found. Due to this, the segmentation may, for example, be 
15 performed through a plurality of phases of Ihe heart, for example, throughout a full 
cycle. 

Advantageously, this may allow for an improved segmentation quality, i.e. of a more 
accurately segmented object of interest, such as the coronary artery tree. 

20 

According to another exemplary embodiment of the present invention as set forth in 
claim 4, a direction is selected, in which the next image is selected where the 
segmentation is to be performed locally. In other words, for example, with respect to the 
heart phases, it is selected whemer images of preceding phases, i.e. preceding the initial 
25 phase, should be selected for performing the local segmentation or images relating to 
succeeding phases. 

According to another exemplary embodiment of the present invention as set forth in 
claim 5, the data set is a coronary CTA data set, which comprises data from a plurality 
30 of cardiac phases and the method is for the segmentation of a coronary artery tree. 
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Advantageously, this may significantly improve diagnostics, since the tedious task, for 
example, of manually segmenting the coronary artery tree, may be replaced by an 
automatic process, as described above. Furthermore, a very fast segmentation yielding a 
very accurate segmentation result may be provided 

5 

According to another exemplary embodiment of Ihe present invention as set forth in 
claim 6, an image processing device is provided, comprising a memory and an image 
processor. The image processor is adapted to perform a segmentation on data, for 
example, relating to a first phase of the human heart. When, for example, an object of 

10 interest such as a coronary artery tree is segmented in such an image, it may occur that 
the segmentation stops, i.e. that no continuation of a certain branch of the artery tree is 
found in the first image. Then, according to this exemplary embodiment of the present 
invention, an adjacent image (for example, of an adjacent heart phase) is selected and 
the segmentation is continued in this second image. In particular, the segmentation is 

1 5 continued in the second image in a region of the image covering the immediate 

surrounding of Ihe area where the segmentation in the first image stopped. Thus, it may 
not be necessary to perform a segmentation for the full second image, but a 
segmentation may only be continued for a small region of the second image, which may 
significantly speed up processing. 

20 

Claims 7 and 8 provide for further exemplary embodiments of the image processing 
device according to the present invention. 

According to another exemplary embodiment of the present invention as set forth in 
25 claim 9, a computer program is provided for segmenting an object of interest in a 
volume data set. The computer program may be written in any suitable programming 
language, such as C++ and may be stored on a computer readable device such as a CD- 
ROM. However, the computer program according to the present invention may also be 
presented over a network such as the WorldWideWeb, from which it may be 
30 downloaded into, for example, a working memory of a processor. 
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It may be seen as the gist of an exemplary embodiment of the present invention, taking 
the coronary artery segmentation in cardiac CT image processing as an example, that in 
case no continuation is found for a particular branch of the coronary artery tree in an 
image relating to an initial heart phase, the segmentation is continued locally in an 

5 adjacent image of an adjacent heart phase. In case no continuation for this particular 
branch is found in the second image, the next adjacent third image is selected and a 
segmentation is continued locally in this third image. The segmentation is continued in 
the respective succeeding image in a locally restricted area surrounding the point of 
structure where the segmentation stopped in the preceding image. The segmentation 

10 results of the various images are then combined to form one image, which may be 

visualized, i.e. displayed by a display. Advantageously, Ibis may allow for a very good 



These and other aspects of the present invention will become apparent from and 
15 elucidated with reference to the embodiments described hereinafter. 

Exemplary embodiments of the present invention will be described in the following, 
with reference to the following drawings: 

20 Fig. 1 shows a schematic representation of an image processing device according to an 
exemplary embodiment of the present invention, adapted to execute a method according 
to an exemplary embodiment of the present invention. 

Fig. 2 shows a simplified flow-chart of an exemplary embodiment of a method 
25 according to the present invention, which may be used for operating the image 
processing device depicted in Fig. 1. 

Fig. 3 shows a simplified representation of the segmentation of an artery branch 
performed according to an exemplary embodiment of the present invention. 

30 
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Fig. 1 depicts an exemplary embodiment of an image processing device according to the 
present invention, for executing an exemplary embodiment of a method in accordance 
with the present invention. The image processing device depicted in Fig. 1 comprises a 
central processing unit (CPU) or image processor 1 connected to a memory 2 for storing 
5 a data set, for example, cardiac CT image data. The image processor 1 may be 
connected to a plurality of input/output, network or diagnosis devices such as a CT 
scanner or, for example, an MR device or ultrasonic scanner. The image processor is 
furthermore connected to a display device 4 (for example, a computer monitor) for 
displaying information or images computed or adapted in the image processor 1. An 

10 operator may interact with the image processor 1 via a keyboard 5 and/or other output 
devices, which are not depicted in Fig. 1. The image processing device depicted in Fig. 
1 is adapted to perform the method according to the present invention described in the 
following with reference to Figs. 2 and 3. Furthermore, the image processing device 
depicted in Fig. 1 is adapted to execute a computer program according to the present 

15 invention, causing the image processing device to perform me method according to the 
present invention. 



Fig. 2 shows a flow-chart of an exemplary embodiment of a method of the present 
invention, where the present invention is described with respect to the example of the 
coronary artery segmentation in CT image processing. However, it should be 
understood that the present invention is not limited to apphcation in the coronary artery 
segmentation, but may be applied to the segmentation of objects of interest from multi- 
dimensional data sets in general. la particular, the present invention is suitable for 
multi-dimensional volume data sets, where data relating to different points in time, 
different projections, different view points or different phases of a moving object of 
interest are gathered. 



may be taken from Fig. 2, in step SI, cardiac CT data is acquired. It may either read 
from a memory or may be acquired from a CT scanner. The data acquired in step S 1 
a image of an initial heart phase. Then, in the subsequent step S2, the segmentation 
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is started from one or more user-defined or automatically extracted start points. Then, 
in the subsequent step S3, one branch b_i is initialized per seed-point, determined in 
step S2 and pairs of branches (b_i,p) are added to a branch list. Then, in the subsequent 
step S4, the branch list is actualized 

5 

Each new branch b_i is represented by its location coordinates (or coordinates in space) 
relating to the location where the branch starts and by the phase p_i in which Ihe 
continuation of the respective branch b_i is to be searched for. This information is 
symbolized by (b_i, p_i) in step S4. A list of all branches which have to be continued, 
10 i.e. which have to be grown further is stored in a queue (or list). New branches which 
are generated by branchings (in S5) are added to the end of the queue. The queue 
contains only initialization information about branches which are yet to be segmented. 

In step S4, the first branch is taken from the queue (which may also be a FIFO stack) 
15 and is expanded on the basis of its starting coordinates (space or location) and phase in 
step S5. It should be noted that instead of the sorting in the list, the branch selected in 
step S4 may also be selected on the basis of other criteria. E.g. me branch having the 
largest diameter may he selected first 

20 In step SS, the segmentation proceeds along branch b in the initial phase p. hi case a 
branching occurs, the method continues from step S5 to step S6, where the new 
branches (b_k;p) are added to the branch list. Then, from step S6, the method continues 
to step S4. 

25 In case the segmentation in step S5 is unsuccessful or fails, i.e. that no continuation of a 
particular branch b is found in the image of phase p, the method continues to step S 7 
where a localized data reconstruction is performed in the phases p_l to p_n close to p. 

In step S7, where, in a second image relating to an adjacent phase, i.e. to a phase of the 
30 heart neighboring the initial phase, a local reconstruction of the branch is performed in a 
region surrounding the area where the segmentation stopped in the preceding image 
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here in the initial phase. As indicated in step S7, the method may continue to locally 
reconstruct data in aplurality of phases, i.e. in aplurality of images relating to a 
plurality of phases. For this, the other phase images may subsequently be examined 
whether, in the respective local area, a continuation of the respective branch is found. 
5 This is described further with reference to steps S8 and S9. 

In step S8, the phase p is set to the optimum phase p_opt (the most suitable phase image 
to continue the segmentation) such thatp does not have to correspond to the initial 
phase any more. Also, in step S8, the phase is actualized which causes that the phase p 
10 in step S5 does no longer coincide with the phase where the segmentation was 
initialized. Due to this, in step S6, where new branches are added to the queue, the 
phase from step S5 is used which, usually, does not coincide with the initial phase of 
step SI. 

15 As indicated in step S8, the segmentation algorithm is applied to the local regions in the 
phases p_l to p_n and fhe optimal phase p = p_opt may be selected, m other words, 
from the other images of the CT data sets, i.e. images relating to phases other than the 
initial phase, the segmentation is performed locally in the region where the 
segmentation of a particular branch could not find a continuation of this branch in the 
initial image for searching continuations in the other phases. Then, the optimal phase, 
i.e. fhe image relating to the optimal phase is selected. This is the phase image 
containing sufficient information with respect to the particular branch b, such that a 
segmentation continues. 

25 It should be noted that in case all phase images are available at the beginning, a 

selection of the most suitable of best phase images maybe performed in steps S7 and S8 
such that no further or extra reconstruction has to be performed. 

Then, in step S9, a request is made whether a continuation could be found in the image 
relating to p_opt In case it is determined in step S9 that a continuation could be found, 
the method returns to step S5 and continues iteratively. 



20 
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In case it is determined in step S9 that no continuation could be found in any of the 
other phase images (not in the image relating to p_opt), the method continues to step 
S10, where it is determined whether the branch list is empty or not, i.e. whether there 
are any remaining branches of the coronary artery tree which have not yet been fully 
5 segmented. In case it is determined in step S10 that there are still branches in the branch 
list, the method returns to step S4. 

In case it is determined in step S10 that the branch list is empty, the method continues to 
step SI 1, where it terminates. 

10 

As described above, a segmentation method is proposed which combines data from 
multiple cardiac phases during the segmentation process in order to deliver a complete 
and continuous coronary vessel tree. Segmentation is started in one initial phase. If no 
continuation of a vessel can be found, a continuation is sought in a neighborhood (in 

15 phase as well as spatially). Thus, the segmentation process uses high spatial resolution 
volume data from various cardiac phases. These data sets can either be generated by 
multi-phase reconstruction at various phases prior to segmentation or locally during and 
on request of the segmentation process. The latter approach has the advantage that voxel 
positions may be directly reconstructed on a grid required, for example, for a curved 

20 MPR (multi-planar reconstruction) along the main vessel direction. This may 

automatically result in a high quality curved MPR. Interpolation from data sampled on a 
Cartesian grid will be obsolete. 

Advantageously, as described above, this may allow for improved segmentation and 
25 visualization for vessels in coronary CTA. Also, a continuous and smooth coronary 

vessel visualization maybe realized. The best cardiac phase selection maybe steered by 
local segmentation results, which may allow to further improve the segmentation result 

Furthermore, in a variant of the above exemplary embodiment of the present invention, 
30 a process may be implemented where the operator may initiate the local segmentation in 
adjacent phases. For example, in case the operator is interest in more detail with respect 
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to a certain area of the initial image, the operator may, for example, interactively 
indicate a region in the initial image for which he needs a better resolution. Then, 
segmentation is performed in this region in an adjacent image. In case the result is not 
sufficient yet, a further adjacent image may be used. By this, the region of interest 
5 selected by me operator may be examined throughout the whole data set, allowing for 
an enhanced segmentation result, i.e. for improved image, having, for example, a highc 
resolution. 



Also, according to another variant of the above exemplary embodiment, a selection into 
10 which the further images to be examined are selected, may be selected. For example, an 
operator may inductively select whether the local segmentation should be performed in 
images succeeding the initial phase (with respect to the phase) or preceding the initial 
phase. However, this may also be selected automatically. 

15 Fig. 3 shows a branch of a coronary artery segmented in accordance with the present 
invention. The left image in Fig. 3 shows the segmentation result determined in the 
image of the initial phase. The image in the center of Fig. 3 shows an intermediate 
segmentation result, i.e. a combination of the segmentation result using the initial phase 
image and the segmentation result of a second image. Then, the image on the right side 

10 of Fig. 3 shows the final segmentation result, where the segmentation results of a 
plurality of phase images are combined to one final result. 



As may be taken from me left image of Fig. 3, the segmentation stops in the encircled 
regions at the end of the respective branches. In other words, in these areas, no 
continuation is found for the respective vessel branches. Then, in the image in the 
middle of Fig. 3, the segmentation continued and further branch structures could be 
found. However, as indicated by the two circles at the end of the artery branches, in this 
second image no continuation could be found in these regions for the two vessel 
branches. Thus, a segmentation was performed in subsequent phase images. However, 
the segmentation is performed locally, i.e. not the whole image is segmented, but the 
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segmentation is started in the region corresponding to the region of Hie branch where the 
segmentation stopped in the preceding image. Then, in case the respective branch 
structure may be continued per segmentation in the respective segmentation ?, the 
segmentation process is continued until no continuation maybe found Then, 1he 
5 segmentation continues to the next subsequent image and a segmentation is performed 
in the branch region where the segmentation stopped in the preceding image. In case a 
continuation is found, the segmentation continues until no further continuation can be 
found. 

10 Accordingly, since the segmentation in the respective subsequent image is not 
performed globally, i.e. for the full image, but for the respective region where the 
segmentation is stopped in the preceding image, the computational effort may be kept 
low. However, it should be noted that in case a continuation is found in this region, the 
segmentation continues until no continuation is found for this particular branch. Then, 

15 the method may continue until all images of the data sets have been used. 

It should be noted that the coronary artery segmentation may be based, for example, on 
region growing in combination with an adaptive gray-value threshold and local shape 
analysis. It may usually be based on cardiac volume data sets, which are reconstructed 
20 for a single cardiac phase using retrospectively gated helical cardiac cone beam 
reconstruction. Modem CT systems enable multi-phase volume reconstruction. 
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CLAIMS 



1 . Method of segmenting an object of interest in a data set, wherein the data set 
comprises at least a first image and a second image, the method comprising the steps of: 
segmenting the object of interest in the first image for detennining a first 

segmentation result; 

determining a first structure of the object of interest where the segmentation is 

unsuccessful in the first image; 

continuing a segmentation of the first structure in a first region of the second 
image for determining a second segmentation result; 

wherein the first region is a local vicinity of the first structure. 



10 



2. The method of claim 1, 

wherein the first and second images relate to at least one of different points of 
time, different projections and different phases of a movement; and 

wherein the first and second segmentation results are used for generating an 
1 5 image such that the image is based on information of the first image and the second 
image. 

3 . The method of claim 2, 

wherein the data set is multi-dimensional and comprises data relating to a 
20 plurality of phases of the object of interest which is moving; 

wherein the segmentation of the object of interest starts in a first initial phase of 
the plurality of phases using data relating to the first initial phase; 

wherein, in case the segmentation fails for the first structure of the object of 
interest, the segmentation is continued in the first region in a second phase of the 
25 plurality of phases using data relating to the second phase; 
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wherein the second phase is adjacent to the initial phase; 

wherein, in case the segmentation of a second structure of the object of interest 
in the second phase using data relating to the second phase is unsuccessful, the 
segmentation continues in a second region of a third phase using data relating to the 
third phase; 

wherein the third phase is adjacent to the second phase; 

wherein the second region covers a vicinity of the second structure. 

4. The method of claim 1, 

wherein the data set comprises the first image, the second image and a third 

image, 

wherein the second image is adjacent to 1he first image in a first direction with 
respect to a phase of the object of interest which is moving, 

wherein the third image is adjacent to the first image in a second direction with 
respect to the phase of the object of interest, 

wherein the first direction is opposite to the second direction, 

the method further comprising the step of: 

selecting a third direction of the first and second direction; 

wherein, when the first direction is selected, the segmentation of the first 
structure is performed in the second image; and 

wherein, when the second direction is selected, the segmentation of the first 
structure is performed in the third image. 

5. The method of claim 1, 

wherein the data set is a coronary CTA volume data set comprising data from a 
plurality of cardiac phases; 

wherein the first and second images are at least two-dimensional; and 
wherein the method is for the segmentation of a coronary artery tree. 
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6. Image processing device, comprising: 

a memory for storing a data set comprising at least a first image and a second 

image; and 

an image processor for performing a segmentation of an object of interest in the 
5 data set; 

wherein the image processor is adapted to perform the following operation: 
segmenting the object of interest in the first image for determining a first 

segmentation result; 

determining a first structure of the object of interest where the segmentation is 

10 unsuccessful in the first image; 

continuing a segmentation of the first structure in a first region of the second 
image for determining a second segmentation result; 

wherein the first region is a local vicinity of the structure. 

15 7. The image processing device of claim 6, 

wherein the first and second images relate to at least one of different points of 
time, different projections and different phases of a movement; and 

wherein the first and second segmentation results are used for generating an 
image such mat the image is based on information of the first image and the second 
20 image. 

8. The image processing device of claim 6, 

wherein the data set is multi-dimensional and comprises data relating to a 
plurality of phases of the object of interest which is moving; 
25 wherein the segmentation of the object of interest starts in a first initial phase of 

the plurality of phases using data relating to the first initial phase; 

wherein, in case the segmentation fails for the first structure of the object of 
interest, me segmentation is continued in the first region in a second phase of the 
plurality of phases using data relating to the second phase; 
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wherein the second phase is adjacent to the initial phase; 

wherein, in case the segmentation of a second structure of the object of interest 
in the second phase using data relating to the second phase is unsuccessful, the 
segmentation continues in a second region of a third phase using data relating to the 
third phase; 

wherein the third phase is adjacent to me second phase; 

wherein the second region covers a vicinity of the second structure. 

9. Computer program for segmenting an object of interest in a data set, wherein the data 
set comprises at least a first image and a second image, wherein a processor performs 
the following operation when the computer program is executed on the processor; 

segmenting the object of interest in the first image for determining a first 
segmentation result; 

determining a first structure of the object of interest where the segmentation is 
unsuccessful in the first image; 

continuing a segmentation of the first structure in a first region of me second 
image for detennining a second segmentation result; 

wherein the first region is a local vicinity of the structure. 
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ABSTRACT 

Image segmentation in a volume data set 

Coronary artery segmentation is a crucial task in cardiac CT image processing. This is 
often a tedious task performed manually by an operator. According to the present 
5 invention, a method is provided which combines data from multiple cardiac phases 
during the segmentation process in order to deliver a complete and continuous coronary 
vessel tree. Advantageously, this may allow for an improved visualization and 
segmentation of vessels, for example, in coronary CTA. 



10 



Fig. 2 



PHDE030407 EPP 

1/3 



►HDE03Q40TEPP 



2/3 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
CIblack borders 

□ image cut off at top, bottom or sides 
c^f faded text or drawing 

□ blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

fa lines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



